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Figure 6.2 Cyclic temperature fluctuations and Japanese sardine outbursts for last 400 years by Japanese 
historic chronicles 1640-1880 and for 1920-1998 from fisheries statistics.  

(From: FAO. 2001. Climate change and long-term fluctuations of commercial catches: the possibility of forecasting, by L.B. 
Klyashtorin. FAO Fisheries Technical Paper No. 410. Rome. 86 pp.  Thanks to Gary Sharp for the reference) 
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Climate, Fish, and Time 



(From: FAO. 2001. Climate change and 
long-term fluctuations of commercial 
catches: the possibility of forecasting, by 
L.B. Klyashtorin. FAO Fisheries Technical 
Paper No. 410. Rome. 86 pp.) 

ACI “Zonal” 
Species 



(From: FAO. 2001. 
Climate change and 
long-term fluctuations 
of commercial catches: 
the possibility of 
forecasting, by L.B. 
Klyashtorin. FAO 
Fisheries Technical 
Paper No. 410. Rome. 
86 pp.) 

 

And 
ACI Meridional Species 



(From: FAO. 2001. Climate change and long-term fluctuations of commercial catches: the possibility of forecasting, by L.B. 
Klyashtorin. FAO Fisheries Technical Paper No. 410. Rome. 86 pp.) 

After Removing the LT Trend of 
Increasing Catch  



A Global ACI 
& Regional 

Indices 



(Chavez et al. 2003 Science 299:217-221.  From Anchovies to Sardines and Back: Multidecadal Change in the Pacific Ocean) 

El Viejo and La Vieja 



Pattern Process 

Seeing Patterns but How Do We 
Get to Processes? 

“Based on these correlations, the case is persuasive that 
the changes in atmospheric circulation led to changes in 
ocean circulation, which in turn led to changes in the 
productivity of fish stocks. …  
 
However, one feature of the correlations is that there are 
often time lags of several years between the physical 
changes and the shifts in population biomass.  For each 
stock, it will be necessary to trace the changes in food 
webs induced by the physical environment, and test the 
plausibility of the observed time lags.” 
(Mann, K.H. & J.R.N. Lazier. 2006, Dynamics of Marine Ecosystems p.439) 



(Source: UME/Fei Chai) 

Models Definitely Help 



(From: http://las.pfeg.noaa.gov/TOPP_recent/index.html) 

(From JPL OurOcean Portal http://
ourocean.jpl.nasa.gov/cgi-bin/

topp_plot.cgi) 

Need: Observations 
of Organisms & 
Subsurface  
Answer: TOPP!  



Another Workshop?! 
•  Pacific Grove, CA 16-18 July 1996 
•  NOAA, NASA, Navy, NSF, Canada, UK, 
Academia 
•  Focus on Information Sharing (We will 
do this too.) 
•  Also, a high priority recommendation 
for a “Demonstration of the benefits of 
applied environmental data in fisheries” 
associated with a call for projects 
•  This is where this workshop picks up 
the ball from 1996 & attempts to run with 
it! 
•  After exchanging information about our 
observations, models, & data systems, 
we will use the break-out groups to talk 
about projects  
•  Goal: 1-4 draft reports describing 
specific, detailed project concepts 
for NOAA/NASA to consider and 
potentially begin in FY06-07    



Earth System Models 

 
Societal Benefits 
Identify specific areas that 
the tools address 
 

 
 

 
 

Predictions/Forecasts 

Observations, 
Parameters & Products 

Earth Observations  
 
 

Decision  
Support Tools 
 
 

One Way Forward 

Break-out Topics: 
1. Potential for Improving Stock 

Assessments & Fisheries Models with 
Satellite Data 

2. Satellite & Model Data Usage & Habitat 
Classification 

What are the requirements for observations 
& models for decision support? 

 
CAUTION: Please Don’t Forget In Situ Data! 



Workshop Goals & Products 

•  Goals: 
–  Document potential for current & proposed satellite 

observations & related Earth system models to support 
NOAA ecosystem-based management 

–  Identify models & assessments in use by NOAA Fisheries 
that could be improved by satellite data & related models 

–  Identify requirements & gaps & develop strategies to 
facilitate the utilization of satellite data & related models for 
NOAA Fisheries 

•  Products: 
–  Evaluation report for NOAA & NASA identifying potential 

projects 

–  Articles on workshop results     



Backup Charts 





%

(chart courtesy of NASA/Tsengdar Lee) 







Data Rich But Analysis Poor? 



GEO: A Global Framework? 



Global Mammal Assessment  

                  
 

Forest Inventory and Analysis National Program 

A Plethora of Biodiversity Data 
GenBank  

The Species Analyst 

IUCN Red List 

World Database on Protected Areas  



Ecological 
Forecasting 

Agricultural 
Efficiency 

Air Quality 

Invasive Species 

Aviation 

Energy 
Management 

Carbon 
Management 

Water 
Management Homeland  

Security 

Disaster 
Management 

Coastal 
Management 

Applications of National Priority 

Public Health 
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Predictions 

• High Performance 
Computing 

• Communication 
• Visualization 
• Standards & 
Interoperability 

Decision 
Support 

Tools 

Earth 
Observations 

- Satellite 
- Airborne 
-  in situ 

Earth Science 
Models 

- Oceans 
- Land 
- Atmosphere 
- Ecosystem 

Inputs             Outputs         Outcomes             Impacts 

Assessments 
  -  Decision 
     Support 
     Systems 
  -  Scenarios 
     Analysis 

Value & benefits to 
citizens and society 

Observations 
NASA & Research Partners 

Applications Partners 

Partners’ Interface 

Policy  
Decisions 

 
 
 

Management 
Decisions 

NASA Applied Sciences Paradigm  
(& Also GEO) 



• Species Distributions 
• Ecosystem Fluxes 
• Ecosystem Productivity 
• Population Ecology 
• Land Cover Change 
 

• Ecological Niche (GARP) 
• Scalable spatio-temporal models a la 
CSU’s NREL 
• Regional Ocean Models & Empirical 
Atmospheric Models coupled with 
ecosystem trophic models 
• Ecosystem (ED, CASA) 
• Population & Habitat Viability Assessment 
(VORTEX, RAMAS GIS) 
• Biogeography (MAPSS, BIOME3, DOLY) 
• Biogeochemistry (BIOME-BGC, 
CENTURY, TEM) 

• SERVIR (Spanish acronym 
for Regional Visualization & 
Monitoring System) for 
sustainable environmental 
management 

• Land cover: MODIS, AVHRR, Landsat, 
ASTER, ALI, Hyperion, IKONOS/QuickBird 
• Topography/Vegetation Structure: SRTM, 
ASTER, IKONOS, LVIS, GLAS, Radars 
• Primary Productivity/Phenology: AVHRR, 
SeaWiFS, MODIS, Landsat, ASTER, ALI, 
Hyperion, IKONOS, QuickBird, AVIRIS  
• Atmosphere/Climate: AIRS/AMSU, TRMM 
(PR, LIS, TMI), AVHRR, MODIS, MISR, 
CERES, QuikScat, AMSR-E, CloudSAT  
• Ocean: AVHRR, SeaWiFS, MODIS, 
TOPEX/Poseidon, JASON, AQUARIUS 
• Soils: AMSR-E, AIRSAR  

• MesoStor Data System 

• Online Mapping 

• Decision Support 

• Visualization Tools   

• First-ever effort to 
manage a global hotspot 
of biodiversity, i.e. 
Mesoamerica, at a 
regional scale through 
the coordination of the 
activities of 7 countries – 
a model for other regions 

• Predict the impacts of 
changing land-use 
patterns & climate on the 
ecosystem services that 
support all human 
enterprises  

• Develop ecological 
forecasts with reliable 
assessments of error 

Ecological Forecasting at NASA 

• Land Cover/Land Use & 
Disturbances (e.g., fire) 
• Species Composition 
• Biomass/Productivity 
• Phenology 
• Vegetation Structure 
• Elevation 
• Surface Temperature 
• SST, SSH, Circulation,  
Salinity, & Sea Ice 
• Atmospheric Temp. 
• Soil Moisture 
• Precipitation 
• Winds 
 

• Marine Fisheries 
Forecasting 

• Combine physical ocean 
& ecosystem trophic-level 
models to predict how 
climatological changes 
driven by ENSO & PDO 
events will affect regional 
fisheries 

• Protected Area Management 
• Terrestrial Observation & 
Prediction System (TOPS) 

• NatureServe Vista 

• Fire Information for 
Resource Management  

• Albertine Rift DSS 

 

(Future Mission) 
April 4, 2006 

Data 

DECISION SUPPORT TOOLS 

VALUE & BENEFITS 

EARTH SYSTEM MODELS 
 

 
 

EARTH OBSERVATORIES 
 

If-Then Scenarios for 
Ecosystem Responses To 

Change  



NASA satellites track episodic equatorial Pacific blooms that can be of similar 
size as the rich Peruvian coastal upwelling system  

and therefore must have important ecological consequences 

The blooms follow El Niño events and do not seem associated with local processes 
Ryan et al., in press, JGR-Biosciences; slide courtesy of MBARI/F. Chavez 



Before El Niño During El Niño 

NASA models suggest that the blooms may be associated with an El Niño intensification of the  
New Guinea Coastal Undercurrent (NGCUC) that scrapes the continental shelf and increases  

the transport of iron into the equatorial Pacific via the Equatorial Undercurrent (EUC) 

ROMS model output 

(slide courtesy of MBARI/F. Chavez) 



Ecological hindcasting of biogeographic responses 
to climate change in intertidal ecosystems 

Brian Helmuth, David Wethey, Venkat Lakshmi and Jerry Hilbish 
University of South Carolina, Columbia 

• Inputs from multiple R/S platforms are used to generate hindcasts of body temperatures of key 
coastal invertebrate species 
• Body temperatures, coupled with data on physiological tolerances, are used to forecast and 
hindcast shifts in species ranges 
• Here, sea surface temperatures (AVHRR 36km) from February 1984 and 1998 show that the 
10°C winter isotherm moved from northern Spain to Brittany.  The left arrow is the southern limit of 
barnacle species in 1985, the right arrow was our prediction for 2003 in our grant proposal. 
•  2005 Field surveys conducted by our group indicate our prediction was correct. 

February 1984 February 1998 



And Then Where To? 

Helicobacterium pylorii Genome from: 
http://biocrs.biomed.brown.edu/Books/Chapters/Ch%2038/Pylori-Genome.gif 

(from USGS Global Visualization Viewer) 

A Grand Synthesis for the 21st Century 



Molecular Data & Hindcasting Life 
 



GOME Data from U of Heidelberg  Bierle Atmos. Chem. Phys. Discuss, 2003 

Sun 

Day of Week analysis helps 
to separate anthropogenic 
source types. 
 
Five Years from GOME (or 
1 week of Geostationary) 

Sun Fri 

5 yr weekly average data from GOME 

Remote Sensing of the Sabbath  
(or Remote Sensing of Anthropogenic Sources) 


